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Predictors of Radiographic Osteoarthritis
2 to 3 Years After Anterior Cruciate
Ligament Reconstruction
Data From the MOON On-site Nested Cohort
MOON Knee Group*†
Investigation performed at Vanderbilt University, Nashville, Tennessee, USA,
and the Cleveland Clinic, Cleveland, Ohio, USA
Background: Multiple studies have shown that patients are susceptible to posttraumatic osteoarthritis (PTOA) after an anterior
cruciate ligament (ACL) injury, even with ACL reconstruction (ACLR). Prospective studies using multivariable analysis to identify
risk factors for PTOA are lacking.
Purpose/Hypothesis: This study aimed to identify baseline predictors of radiographic PTOA after ACLR at an early time point. We
hypothesized that meniscal injuries and cartilage lesions would be associated with worse radiographic PTOA using the Osteo-
arthritis Research Society International (OARSI) atlas criteria.
Study Design: Cohort study; Level of evidence, 3.
Methods: A total of 421 patients who underwent ACLR returned on-site for standardized posteroanterior semiflexed knee
radiography at a minimum of 2 years after surgery. The mean age was 19.8 years, with 51.3% female patients. At baseline, data
on demographics, graft type, meniscal status/treatment, and cartilage status were collected. OARSI atlas criteria were used to
grade all knee radiographs. Multivariable ordinal regression models identified baseline predictors of radiographic OARSI grades
at follow-up.
Results: Older age (odds ratio [OR], 1.06) and higher body mass index (OR, 1.05) were statistically significantly associated with a
higher OARSI grade in the medial compartment. Patients who underwent meniscal repair and partial meniscectomy had statis-
tically significantly higher OARSI grades in the medial compartment (meniscal repair OR, 1.92; meniscectomy OR, 2.11) and in the
lateral compartment (meniscal repair OR, 1.96; meniscectomy OR, 2.97). Graft type, cartilage lesions, sex, and Marx activity rating
scale score had no significant association with the OARSI grade.
Conclusion: Older patients with a higher body mass index who have an ACL tear with a concurrent meniscal tear requiring partial
meniscectomy or meniscal repair should be advised of their increased risk of developing radiographic PTOA. Alternatively, patients
with an ACL tear with an articular cartilage lesion can be reassured that they are not at an increased risk of developing early
radiographic knee PTOA at 2 to 3 years after ACLR.
Keywords: ACL; meniscal injury; articular cartilage; knee osteoarthritis
An estimated 175,000 anterior cruciate ligament (ACL)
tears occur each year in the United States,10,24 and ACL
reconstruction (ACLR) remains the best treatment for
ACL-deficient patients who desire to return to activities
with pivoting or cutting requiring knee stability. Multiple
studies have shown that patients are susceptible to post-
traumatic osteoarthritis (PTOA) after an ACL injury, even
with ACLR. A meta-analysis by Claes et al5 showed that
28% of patients at a minimum of 10 years after ACLR had
radiographic evidence of PTOA. In a retrospective single-
institution study of patients who underwent ACLR, Li
et al13 found that medial meniscectomy, grade 2 chondro-
sis, longer length of follow-up, and higher body mass index
(BMI) were predictors of knee osteoarthritis (OA) based on
the Kellgren-Lawrence (KL) grade. Øiestad et al19 system-
atically reviewed the literature with a minimum 10-year
follow-up and found that 0% to 13% of patients had PTOA
after an isolated ACL injury and that 21% to 48% had
PTOA after an ACL and concurrent meniscal injury. The
authors of that study found that much of the literature
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reviewed on this topic was retrospective and had nonstan-
dardized treatments, radiographs, and rehabilitation pro-
tocols. To establish risk factors for PTOA after an ACL
injury, they concluded that future studies should be pro-
spective, carefully evaluate all patient factors with articu-
lar cartilage and meniscal status, have sensitive outcome
measures, and use multivariable regression to account for
confounding variables.14,19
The Multicenter Orthopaedic Outcomes Network
(MOON) consortium was created in 2002 and meets the
guidelines that Øiestad et al19 set for studies to evaluate
the risk factors of PTOA after an ACL injury. In the current
study, we report data from the MOON nested cohort, which
is ideally suited to evaluate the initiation, progression, and
modifiable risk factors of early PTOA after an ACL injury.23
The MOON nested cohort consists of patients who returned
on-site for a physical examination, functional testing, and
radiography, including standardized posteroanterior semi-
flexed metatarsophalangeal (MTP) views of both knees at a
minimum of 2 years after ACLR. This nested cohort
includes younger patients injured during sports, with pre-
viously uninjured knees and without any preexisting risk
factors for OA or prior surgical treatments. Our group pre-
viously reported data from this cohort, demonstrating that
meniscectomy, meniscal repair, and age were associated
with a narrower joint space 2 to 3 years after ACLR, but
we also reported changes by the medial or lateral compart-
ment.9 That study used a semiautomated computerized
method to solely measure joint space width, whereas in the
current study, we aimed to use the Osteoarthritis Research
Society International (OARSI) atlas criteria, which is a
whole-joint grading scale. The OARSI atlas criteria evalu-
ate the medial and lateral compartments concurrently and
assess structural changes of OA in bone (osteophytes, attri-
tion, sclerosis) as well as in the joint space width.2 Using
the MOON nested cohort, we hypothesized that meniscal
injuries and cartilage lesions found at the time of ACLR
would be associated with worse radiographic PTOA accord-
ing to OARSI grading at 2 to 3 years after ACLR.
METHODS
Participants and Data Collection
Patients were included from the MOON nested cohort who
underwent ACLR between 2005 and 2010 at multiple insti-
tutions participating in the study. At the time of surgery,
patients completed standardized forms with information,
including demographics and the Marx activity rating
scale.16 Also at the time of surgery, surgeons filled out a
standardized data collection form including graft type
(bone–patellar tendon–bone autograft, hamstring tendon
autograft, or allograft), medial or lateral meniscal status/
treatment (no tear, untreated tear, partial meniscectomy,
or meniscal repair), and medial or lateral cartilage status
(modified Outerbridge classification: grade 1, normal to
softening; grade 2, fissures and superficial changes; grade
3, fragmentation and deep changes; and grade 4, exposed
bone). Enrolling surgeons had previously shown high
reproducibility and agreement on treatments necessary for
meniscal injuries and articular cartilage grading.7,15
To be included in this study, patients had to be enrolled
by 1 of 4 senior participating surgeons, be injured while
participating in a sport, be scheduled to undergo primary
ACLR without any other concomitant ligamentous surgery,
have had no previous surgery on the contralateral knee,
have had no subsequent revision ACLR on the index knee
at the time of follow-up, and be younger than 35 years at the
time of follow-up. Patients who underwent primary ACLR
with a concomitant ligament injury nonoperatively treated
were included . Every patient in the MOON cohort followed
a standardized rehabilitation protocol.26 The phases and
goals included the following: phase 1 (surgery to *2 weeks)
aimed at regaining full knee range of motion and a normal
gait pattern; phase 2 (*2-6 weeks) aimed at improving
muscle strength and neuromuscular training; phase 3
(*7-12 weeks) aimed at running and hopping; phase 4
(*13-16 weeks) aimed at more advanced running patterns
and jumping; and phase 5 (*17 weeks onward; return-to-
sport phase) aimed at 85% contralateral strength, 85%
contralateral on hop tests, and beginning sport-specific
training. Patients returned for on-site follow-up between
2 and 3 years after primary ACLR and underwent bilateral
knee radiography. The study excluded patients with image
quality problems on either knee discovered upon analysis.
Institutional review board approval was obtained at each of
the participating institutes.
Radiographic Technique
Radiographic technologists at each participating site were
trained in standardized semiflexed knee MTP views by the
site’s study coordinator before the study began. Consis-
tency in positioning was ensured by using identical posi-
tioning equipment across sites. Patients were positioned
with their feet in 15 of external rotation with the first MTP
joint positioned directly underneath the front of the detec-
tor. Their knees were bent until the patella touched the
detector. Each knee was imaged individually with the beam
*Address correspondence to Kurt P. Spindler, MD, Cleveland Clinic, 5555 Transportation Boulevard, Garfield Heights, OH 44125, USA (emails:
spindlk@ccf.org; stojsab@ccf.org).
†All authors are listed in the Authors section at the end of this article.
One or more of the authors has declared the following potential conflict of interest or source of funding: Research reported in this publication was partially
supported by the National Institute of Arthritis and Musculoskeletal and Skin Diseases of the National Institutes of Health under award number R01AR053684
(K.P.S.) and under award number K23AR066133 (which supported a portion of M.H.J.’s professional effort). The content is solely the responsibility of the
authors and does not necessarily represent official views of the National Institutes of Health. AOSSM checks author disclosures against the Open Payments
Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto.
Ethical approval for this study was obtained from Vanderbilt University, the Cleveland Clinic, the University of Colorado Denver, the Hospital for Special
Surgery, the University of Iowa, The Ohio State University, and Washington University in St Louis institutional review boards.
2 MOON Knee Group The Orthopaedic Journal of Sports Medicine
directed orthogonal to the detector and focused at the
center of the knee (Figure 1).
This view is similar to the described Rosenberg view,17
except that our technique provides more consistent posi-
tioning and results in a lesser degree of knee flexion, which
is optimized for assessing the joint space width. Images
were taken on a variety of instruments, including Polyphos
(Siemens) and RADspeed (Shimadzu) machines using CR
Cassettes (Agfa HealthCare) as well as Definium (GE
Healthcare) and Direct Radiography (Hologic) digital
machines. Semiflexed knee MTP views have shown reliabil-
ity and reproducibility in multiple studies.4,20
OA Classification
The OARSI atlas criteria were used to grade all knee radio-
graphs.2 The OARSI atlas criteria were used instead of the
KL classification because of the KL classification’s lack of
sensitivity to change and the lack of distinction between the
joint space and osteophyte formation.11 In contrast, the
OARSI atlas criteria classify knee OA from 0 to 3 based
on osteophytes (medial femoral condyle, medial tibial pla-
teau, lateral femoral condyle, and lateral tibial plateau)
and for joint space narrowing (medial and lateral compart-
ments). The system classifies medial tibial attrition, medial
tibial sclerosis, and lateral femoral sclerosis as being pre-
sent or absent (1 if present, 0 if absent). For the purposes of
this study and analysis, a composite lateral compartment
score was created from the sum of the following scores:
lateral tibial plateau osteophytes, lateral femoral condyle
osteophytes, lateral joint space narrowing, and lateral fem-
oral sclerosis; the maximum possible score was 10. Simi-
larly, a composite medial compartment score was created
from the sum of the following scores: medial tibial plateau
osteophytes, medial femoral condyle osteophytes, medial
joint space narrowing, medial tibial attrition, and medial
tibial sclerosis, with a maximum total score of 11. A
summed OARSI radiographic score has been used previ-
ously in the literature.1 Two independent raters (an ortho-
paedic resident and a radiology research fellow) classified
radiographs for both the surgical and nonsurgical knees.
Raters were blinded to the treatment status and demo-
graphics of the patients. For radiographs with disagree-
ment in the grading, scores were averaged.
Statistical Analysis
Interrater agreement for OARSI grading was assessed
using the Cohen kappa.9 A linearly weighted kappa was
used so that the penalty for disagreement was propor-
tional to the distance between values made by the raters.
Based on literature by Landis and Koch,12 the following
interpretation was used to judge kappa value agreement
metrics:<0.00, poor; 0.00-0.20, slight; 0.21-0.40, fair; 0.41-
0.60, moderate; 0.61-0.80, substantial; and 0.81-1.00,
almost perfect agreement.
Multivariable ordinal regression models were used to
identify statistically significant predictors of outcomes.
Three outcomes included the difference in OARSI grades
for the surgical knee minus the nonsurgical knee for the
medial compartment, lateral compartment, and total knee
(sum of the medial and lateral compartments). A positive
difference indicated worse OA in the surgical knee, and a
negative difference indicated less OA in the surgical knee.
Baseline predictors included sex, age, BMI, Marx score,
medial or lateral cartilage status, medial or lateral menis-
cal status/treatment, and graft type. Medial variables were
excluded from models with lateral outcomes only, and lat-
eral variables were excluded from models with medial out-
comes only. Both sets of variables were included for the
Figure 1. Schematic of the platform used to position the knee relative to the radiographic source and the cassette for the
metatarsophalangeal (MTP) semiflexed knee view. Courtesy of Oksendahl et al.20
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combined total knee outcome. In interpreting exponen-
tiated coefficients of the ordinal regression models, values
>1 indicate a positive effect, and values <1 indicate a neg-
ative effect. All analyses were performed using the R sta-
tistical programming language (version 3.3.3; R Core




At minimum 2-year follow-up, 869 patients were eligible for
inclusion in the nested cohort, and 433 patients returned for
an on-site evaluation with bilateral knee radiographs. Of
these patients, 421 were included in the analysis. Inclusions,
exclusions, and dropouts are outlined in the flow diagram
(Figure 2). The mean age of the analyzed cohort was 19.8
years, with 51.3% patients being female (Table 1). The lat-
eral meniscus had a higher rate of tears (54.4%) compared
with the medial meniscus (38.7%). The majority of tears of
the medial meniscus were repaired, whereas most tears of
the lateral meniscus required partial meniscectomy. Inter-
rater agreement for OARSI grading of knee radiographs was
within the 0.61-0.80 substantial agreement range for both
compartments (Table 2).
Predictors of OA
The mean OARSI score for the lateral compartment was
2.0 ± 1.5 in the ACL-reconstructed knees versus 1.3 ± 1.1
in the contralateral normal knees. The highest lateral com-
partment score was 8 for the ACL-reconstructed knees and
7 for the contralateral normal knees, with a maximum pos-
sible score of 10. The mean OARSI score for the medial
compartment was 2.1 ± 1.4 in the ACL-reconstructed knees
versus 1.7 ± 1.1 in the contralateral normal knees. The
highest medial compartment score was 8 for the ACL-
reconstructed knees and 6 for the contralateral normal
knees, with a maximum possible score of 11. The mean
OARSI score for the total knee (composite of medial and
lateral scores) was 4.1 ± 2.5 in the ACL-reconstructed knees
versus 3.0 ± 1.9 in the contralateral normal knees. The
highest total knee score was 13 for the ACL-reconstructed
knees and 12 for the contralateral normal knees, with a
maximum possible score of 21. Figure 3 displays the distri-
butions of the 3 outcome measures, which are the differ-
ences between OARSI grades of the surgical and
nonsurgical knees. Outcomes were normally distributed,
with tails skewed slightly toward the right/positive values.
Using multivariable regression modeling, we found that
older age (odds ratio [OR], 1.06) and higher BMI (OR, 1.05)
were statistically significantly associated with a higher
OARSI grade in the medial compartment compared with
the contralateral knee (Table 3). Patients who underwent
meniscal repair or partial meniscectomy had statistically
significantly higher OARSI grades in the medial compart-
ment (meniscal repair OR, 1.92; meniscectomy OR, 2.11)
and in the lateral compartment (meniscal repair OR, 1.96;
meniscectomy OR, 2.97) compared with the contralateral
knee. Interestingly, graft type, cartilage lesions, sex, and
Marx score had no significant association with any
outcome.
DISCUSSION
This prospective study utilized multivariable modeling of
421 patients with knee radiographs 2 to 3 years after ACLR
to predict factors leading to worse radiographic knee PTOA
based on OARSI grades. We evaluated a carefully selected
cohort of young patients (<35 years old at follow-up), who
Figure 2. Patient flow diagram tabulating the total eligible
patient population and the final number of patients analyzed.
Sixteen patients were randomly eliminated because of
resource limitations at the onset. ACL, anterior cruciate liga-
ment; Ipsi, ipsilateral.
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were injured in sports; had undergone primary ACLR with-
out concomitant medial collateral ligament, lateral collat-
eral ligament, or posterior cruciate ligament surgery; had a
normal contralateral knee with no history of surgery at the
time of ACLR; and did not undergo subsequent ACLR to
either knee at the time of follow-up. This cohort is best
suited to study early PTOA after a single isolated injury
event in previously normal knees. Radiographic OARSI
grades were used to judge OA, and interrater agreement
in this study was substantial based on the Cohen kappa.
Modeling showed that older age and higher BMI resulted
in statistically significantly worse PTOA in the medial com-
partment of the knee. Patients who had undergone menis-
cal repair or partial meniscectomy had statistically
significantly worse PTOA in both the medial and lateral
compartments of the knee. Partial medial and lateral
meniscectomy had larger ORs (2.11 and 2.97, respectively)
versus medial and lateral meniscal repair (1.92 and 1.96,
respectively), suggesting that meniscectomy had a larger
effect on contributing to worse PTOA in those compart-
ments. Having an untreated meniscal tear—these are gen-
erally smaller, stable tears that are left untreated, as they
are unlikely to be symptomatic—did not lead to worse
PTOA in the ACL-reconstructed knee in any compartment.
Interestingly, graft type, cartilage damage status, sex, and
Marx score had no statistically significant positive or neg-
ative association with knee PTOA in either compartment.
Previous studies have investigated the risk factors of
knee OA after ACLR. Li et al13 performed a retrospective
cohort study of 249 patients comparing the KL grade in
single-bundle ACL-reconstructed versus noninjured knees.
The study used stepwise multivariable logistic regression
and found that medial meniscectomy, grade 2 chondrosis,
longer length of follow-up, and higher BMI were predictors
of knee OA. Like our study, Patterson et al21 found that
BMI and age were associated with worsening radiographic
OA from 1 to 5 years after ACLR based on magnetic reso-
nance imaging (MRI). Culvenor et al6 reported that, based
on MRI compared with uninjured controls, meniscectomy
and higher BMI predicted worse radiographic OA in
patients at 1 year after ACLR. As the majority of the knee’s
load is borne through the medial compartment, a higher
BMI could contribute to worse medial compartment PTOA.
Our group previously used a subset of this MOON nested
cohort with multivariable methods to show that lateral
meniscectomy and lower baseline Marx scores correlated
with a narrower quantitative lateral joint space after
ACLR.8 In a meta-analysis of 16 studies with a minimum
10 years’ follow-up, Claes et al5 showed that after ACLR,
50% of patients undergoing meniscectomy had knee OA
versus only 16% of patients not undergoing meniscectomy.
Last, a systematic review of 31 studies found that the most
frequent risk factor identified for knee OA development
was a meniscal injury.19 Whereas many past studies have
shown that meniscectomy puts a patient at risk of knee OA,
the current study is novel in showing that even undergoing
meniscal repair is associated with worse knee OA.
After adjusting for confounding variables, we found that
both partial meniscectomy and meniscal repair were asso-
ciated with worse radiographic knee PTOA even at an early
time point of 2 to 3 years after ACLR. Studies have shown a
65% increase in peak joint contact stresses after only a 10%
reduction in the meniscal contact area after partial menis-
cectomy.3 Increased stresses on the articular cartilage after
partial meniscectomy could lead to accelerated OA in the
injured knee. The interesting result of meniscal repair also
being associated with worse radiographic knee OA based on
the OARSI grade is similar to our group’s past finding that
medial meniscal repair was associated with a narrower
quantitative joint space in the medial compartment.9 A sep-
arate previous study by our group revealed that lateral
meniscal repair was not associated with a narrower joint
space in the lateral compartment,8 whereas current study
showed worse PTOA as defined by the OARSI grade if
meniscal repair had been performed, regardless of
TABLE 2
Interrater Agreement for Radiographic OARSI Gradesa
Measure Cohen k (95% CI)
Medial compartment score
Left knee 0.768 (0.671-0.866)
Right knee 0.743 (0.646-0.839)
Lateral compartment score
Left knee 0.763 (0.662-0.863)
Right knee 0.733 (0.634-0.833)
aOARSI, Osteoarthritis Research Society International.
TABLE 1




Age, mean ± SD, y 19.8 ± 4.9
Body mass index, mean ± SD, kg/m2 24.0 ± 3.9
Marx score, mean ± SD 13.3 ± 4.3
Medial cartilage status
Grade 1 385 (91.4)
Grades 2-4 36 (8.6)
Medial meniscus
No tear 258 (61.3)
Meniscal repair 85 (20.2)
Partial meniscectomy 39 (9.3)
Untreated tear 39 (9.3)
Lateral cartilage status
Grade 1 369 (87.6)
Grades 2-4 52 (12.4)
Lateral meniscus
No tear 192 (45.6)
Meniscal repair 30 (7.1)
Partial meniscectomy 134 (31.8)
Untreated tear 65 (15.4)
Graft
Allograft 22 (5.2)
Bone–patellar tendon–bone autograft 255 (60.6)
Hamstring autograft 144 (34.2)
aData are shown as n (%) unless otherwise indicated.
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compartment. In explaining the discrepancy, lateral menis-
cal repair may cause worse OARSI grades, more driven by
osteophyte formation than by lateral compartment joint
space narrowing.
In a meta-analysis of meniscal repair outcomes more
than 5 years postoperatively, Nepple et al18 found a
26.9% rate of meniscal repair failure (defined as reopera-
tion or clinical failure) in ACL-reconstructed knees. It is
possible that the association of worse OA in knees that have
had a meniscal injury and repair could result from undiag-
nosed meniscal repair failure or suboptimal repaired
meniscal function and the subsequent development of
OA. It is also possible that larger meniscal tears requiring
treatment at the time of ACLR indicate a more substantial
extent of knee injury, either at the time of initial ACL failure
or during subsequent instability episodes. The more rapid
onset of OA may reflect a dose-response effect to an injury
rather than an isolated treatment effect.
Remarkably, articular cartilage lesions, one of our
hypothesized predictors of worse radiographic knee OA, did
not affect the outcomes of the medial or lateral compart-
ment OARSI grade. This study grouped cartilage damage
from grades 2 to 4 together because of patient number lim-
itations, so seeing the effect of only severe grade 4 cartilage
damage was not feasible. It is possible that the time frame
of the current study was too short to see the effect of artic-
ular cartilage lesions, although a similar finding was shown
in a work by Shelbourne et al22 that assessed the outcomes
of articular cartilage injuries at a mean of 8.7 years after an
ACL injury. The authors found no difference in radio-
graphic International Knee Documentation Committee
scores between patients with and without chondral inju-
ries. Focal articular cartilage damage after an ACL injury
may not lead to more widespread whole compartment
radiographic OA. An additional longer term follow-up study
is needed to definitively answer this important clinical
question.
One limitation of this study is that no baseline radio-
graphs were available for grading, so the OARSI grade of
the injured knee was compared with that of the contralat-
eral knee to determine the amount of PTOA in the ACL-
reconstructed knee. Without baseline radiographs, this
method is unable to assess the longitudinal change in
OA in the injured knee. However, it could be argued that
comparing the injured knee with the contralateral healthy
knee could serve as a better control. The use of the contra-
lateral nonsurgical knee as a control to evaluate early
PTOA in ACLR is also supported in a study by Tourville
et al25 and other similar studies.8,13 Compared with the
injured knee, the healthy uninjured knee would have the
same stressors of activity level, genetics, biology, age, and
all other unmeasured factors within the patient. Interest-
ingly, there was a subset of patients in whom the OARSI
grade was better in the injured knee. This could be
because of radiography-based grading not being precise in
borderline patients, which makes having a large sample size
Figure 3. Histograms of the 3 outcome measures: differences between the Osteoarthritis Research Society International (OARSI)
grade of the surgical and nonsurgical knees for the lateral compartment, medial compartment, and total knee. A positive difference
indicates worse posttraumatic osteoarthritis (PTOA) in the surgical knee, and a negative difference indicates less PTOA in the
surgical knee; “0” indicates similar levels of PTOA in each knee.
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and using multivariable modeling very important to adjust
for this.
In addition, this study did not investigate preoperative
knee mechanical alignment, as varus or valgus alignment
might predispose to medial or lateral changes, longitudinal
BMI data, or laxity data and the effect that residual laxity/
instability might have on joint wear. Other limitations are
that a short-term assessment at 2 to 3 years may fail to
detect changes that will occur over a longer time frame and
that the OARSI atlas criteria may not be sensitive enough
to detect the earliest changes of PTOA.
CONCLUSION
Multivariable analysis of our unique cohort of 421 patients
who returned for follow-up knee radiography a minimum of
2 years after ACLR showed that older age and higher BMI
were associated with worse radiographic PTOA in the
medial compartment and that meniscal repair and partial
meniscectomy were both associated with worse radio-
graphic PTOA in the medial and lateral compartments.
This study shows that radiographic OA can occur at an
early time point (2-3 years) in some patients after an ACL
injury. These results are best used in patient counseling
about the risks of OA after injuries and surgery. Older
patients with a higher BMI who have an ACL tear with a
concurrent meniscal tear requiring partial meniscectomy
or meniscal repair should be advised of their increased risk
of developing radiographic OA. Alternatively, patients with
an ACL tear with an articular cartilage lesion or with a
meniscal tear not requiring treatment can be reassured
that they are not at an increased risk of developing early
knee OA within 2 to 3 years after ACLR.
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bP values from a likelihood ratio test are shown for factors with >2 levels.
The Orthopaedic Journal of Sports Medicine PTOA After ACLR 7
C. Flanigan, MD (Department of Orthopaedics, The Ohio
State University, Columbus, Ohio, USA); Braden C. Flem-
ing, PhD (Department of Orthopaedic Surgery, Warren
Alpert Medical School, Brown University, Providence,
Rhode Island, USA); Laura J. Huston, MS (Vanderbilt Uni-
versity, Nashville, Tennessee, USA); Christopher C. Kaed-
ing, MD (Wexner Medical Center, The Ohio State
University, Columbus, Ohio, USA); Michael Kolosky, DO
(Department of Quantitative Health Sciences, Cleveland
Clinic, Cleveland, Ohio, USA); Gokhan Kuyumcu, MD
(Imaging Institute, Cleveland Clinic, Cleveland, Ohio,
USA); T. Sean Lynch, MD (Vagelos College of Physicians
and Surgeons, Columbia University, New York, New York,
USA); Robert A. Magnussen, MD (Wexner Medical Center,
The Ohio State University, Columbus, Ohio, USA); Mat-
thew J. Matava, MD (Department of Orthopaedic Surgery,
Washington University School of Medicine in St Louis, St
Louis, Missouri, USA); Richard D. Parker, MD (Depart-
ment of Orthopaedic Surgery, Cleveland Clinic, Cleveland,
Ohio, USA); Emily K. Reinke, PhD (Wexner Medical Cen-
ter, The Ohio State University, Columbus, Ohio, USA);
Erica A. Scaramuzza, BS (Vanderbilt University, Nash-
ville, Tennessee, USA); Matthew V. Smith, MD (Depart-
ment of Orthopaedic Surgery, Washington University
School of Medicine in St Louis, St Louis, Missouri, USA);
Carl Winalski, MD (Imaging Institute, Cleveland Clinic,
Cleveland, Ohio, USA); Rick W. Wright, MD (Department
of Orthopaedic Surgery, Washington University School of
Medicine in St Louis, St Louis, Missouri, USA); Alexander
Zajichek, MS (Department of Orthopaedic Surgery, Duke
University, Durham, North Carolina, USA); and Kurt P.
Spindler, MD (Department of Orthopaedic Surgery, Cleve-
land Clinic, Cleveland, Ohio, USA).
One or more of the authors has declared the following
potential conflict of interest or source of funding: M.H.J.
is on the scientific advisory board for Samumed. R.H.B. has
received educational support from Elite Orthopedics;
speaking fees from Smith & Nephew; research support
from Zimmer; and consulting fees from Arthrex, ISTO, and
Sanofi-Aventis. C.L.C.’s relative is an employee of Smith &
Nephew. W.R.D. has received consulting fees from Linvatec
and hospitality payments from Wright Medical. D.C.F. is a
paid consultant for Linvatec, Vericel, MTF/Conmed, Smith
& Nephew, DePuy, Moximed, and Zimmer; has received
educational support from MTF/Conmed and Smith &
Nephew; serves on the advisory panel for Vericel, MTF/
Conmed, Histogenics, and Moximed; and has received hos-
pitality payments from Wright Medical. B.C.F. receives a
stipend for serving as an associate editor for The American
Journal of Sports Medicine, has received hospitality pay-
ments from Smith & Nephew and consulting fees from New
York R&D Center for Translational Medicine and Thera-
peutics, and is cofounder of Miach Orthopaedics. C.C.K. has
received research support from DJO; educational support
from CDC Medical, DePuy, and Smith & Nephew; consul-
ting fees from Smith & Nephew and Zimmer Biomet; and
nonconsulting payments from Arthrex. M.K. has received
hospitality payments from Zimmer Biomet. T.S.L. has
received educational support from Arthrex and Smith &
Nephew and nonconsulting payments from Smith &
Nephew. R.A.M. has received research support from Zimmer
and educational support from Arthrex, CDC Medical, Don-
Joy, and Smith & Nephew. M.J.M. has received educational
support from Apollo Surgical and Elite Orthopedics and con-
sulting fees from Arthrex, Breg, Heron Therapeutics, Pacira,
and Schwartz Biomedical. R.D.P. has received hospitality
payments from the Musculoskeletal Transplant Foundation
and Smith & Nephew and royalties from Zimmer Biomet.
M.V.S. has received educational support from Arthrex and
Elite Orthopedics, speaking fees from Arthrex and Elite
Orthopedics, and consulting fees from Flexion Therapeutics
and ISTO. C.W. has received consulting fees from Aastrom
Biosciences, and his spouse owns stock in Pfizer and General
Electric. R.W.W. receives royalties from Wolters Kluwer–
Lippincott Williams & Wilkins. K.P.S. has received research
support from DonJoy and Smith & Nephew; consulting fees
from the National Football League, Cytori, and Mitek; and
hospitality payments from DePuy and Biosense Webster.
AOSSM checks author disclosures against the Open Pay-
ments Database (OPD). AOSSM has not conducted an inde-
pendent investigation on the OPD and disclaims any
liability or responsibility relating thereto.
ACKNOWLEDGMENT
The authors thank the research coordinators, analysts, and
support staff from the Multicenter Orthopaedic Outcomes
Network (MOON) sites, whose efforts related to regulatory,
data collection, participant follow-up, data quality control,
analyses, and article preparation have made this consor-
tium successful. They thank Brittany Stojsavljevic, edito-
rial assistant, Cleveland Clinic Foundation, for editorial
management. The authors also thank all patients who gen-
erously enrolled and participated in the study.
REFERENCES
1. Akelman MR, Fadale PD, Hulstyn MJ, et al. Effect of matching or over-
constraining knee laxity during ACL reconstruction on knee osteoar-
thritis and clinical outcomes: a randomized controlled trial with 84
month follow up. Am J Sports Med. 2016;44(7):1660-1670.
2. Altman RD, Gold GE. Atlas of individual radiographic features in
osteoarthritis, revised. Osteoarthritis Cartilage. 2007;15:A1-A56.
3. Brindle T, Nyland J, Johnson DL. The meniscus: review of basic prin-
ciples with application to surgery and rehabilitation. J Athl Train. 2001;
36(2):160-169.
4. Buckland-Wright JC, Ward RJ, Peterfy C, Mojcik CF, Leff RL. Repro-
ducibility of the semiflexed (metatarsophalangeal) radiographic knee
position and automated measurements of medial tibiofemoral joint
space width in a multicenter clinical trial of knee osteoarthritis.
J Rheumatol. 2004;31(8):1588-1597.
5. Claes S, Hermie L, Verdonk R, Bellemans J, Verdonk P. Is osteoar-
thritis an inevitable consequence of anterior cruciate ligament recon-
struction? A meta-analysis. Knee Surg Sports Traumatol Arthrosc.
2013;21(9):1967-1976.
6. Culvenor AG, Collins NJ, Guermazi A, et al. Early knee osteoarthritis is
evident one year following anterior cruciate ligament reconstruction: a
magnetic resonance imaging evaluation. Arthritis Rheumatol. 2015;
67(4):946-955.
7. Dunn WR, Wolf BR, Amendola A, et al. Multirater agreement of arthro-
scopic meniscal lesions. Am J Sports Med. 2004;32(8):1937-1940.
8 MOON Knee Group The Orthopaedic Journal of Sports Medicine
8. Jones MH, Moon Knee Group, Spindler KP, et al. Differences in the
lateral compartment joint space width after anterior cruciate ligament
reconstruction: data from the MOON onsite cohort. Am J Sports Med.
2018;46(4):876-882.
9. Jones MH, Spindler KP, Fleming BC, et al. Meniscus treatment and
age associated with narrower radiographic joint space width 2-3
years after ACL reconstruction: data from the MOON onsite cohort.
Osteoarthritis Cartilage. 2015;23(4):581-588.
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